The unduly rapid conduction of the cardiac impulse along preferential pathways may produce unusual electrocardiographic appearances, and this may be associated with a tendency for supraventricular arrhythmias to occur. Whereas previously the Wolff-Parkinson-White syndrome, the characteristic form of pre-excitation, was considered to be entirely benign, it is now recognized that complicating arrhythmias may be difficult to prevent or treat and that they are potentially lethal.
While in the classical case the syndrome is easily recognized on the conventional electrocardiogram, difficulties may arise in variant forms. The spectrum includes: (I) the classical Wolff-Parkinson-White syndrome with a short PR and a wide QRS showing initial slurring due to a delta wave (type A where there is a dominant R in Vi; type B, when the main QRS deflection in Vi is downwards, according to the definition of Rosenbaum et al., 1945) ; (2) atypical Wolff-Parkinson-White syndromes with normal PR and abnormal QRS complexes; or short PR, delta wave, and narrow QRS; and (3) the syndrome of short PR, normal QRS, and no delta wave (Lown, Recent experimental and pathological evidence has supported the view that an anatomical bypass of the normal atrioventricular conduction system is responsible for the pathogenesis of this entity (Durrer, Schuilenburg, and Wellens, I970; Lev et al., I966) . We have utilized the technique of recording His bundle electrograms to investigate 4 patients who illustrate the varied aspects of the pre-excitation syndrome.
Methods
All patients were studied in the supine position at rest without premedication, and informed consent was obtained in each case. The His bundle electrogram was recorded via a bipolar electrode catheter' introduced into the femoral vein and positioned across the tricuspid ring under fluoroscopic control as described previously (Scherlag et al., 1969; Smithen and Sowton, 1971 ; Smithen et al., I972 Cases studied Case I A 65-year-old man developed stabbing left chest pain at the age of 56. Later an electrocardiogram showed the appearances of type A Wolff-Parkinson-White syndrome (Fig. i) . In the past year he had had frequent attacks of palpitations, associated with faintness, crushing central chest pain, sweating, and dyspnoea. With the first attack he was suspected of having a myocardial infarction and was admitted to hospital: the electrocardiogram showed atrial fibrillation with persistent features of the Wolff-Parkinson-White syndrome (Fig. 2a) 
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Electrophysiological study
In sinus rhythm, at a time when there was little evidence of pre-excitation, His bundle potentials were clearly seen, with normal P-His and His-Q intervals (Fig. 3) . As the cycle length was progressively decreased by atrial pacing, pre-excitation became more evident (Fig. 4) Electrophysiological study Fig. 6 shows normal P-His and His-Q intervals during sinus rhythm when there was minimal evidence of pre-excitation. Atrial pacing with progressive reduction in the cycle length results in the expected P-His prolongation (Fig. 7) ; the His-Q interval progressively decreases and at a cycle length of 390 msec there is simultaneous activation of the His bundle and ventricle, with a change in the QRS configuration. Unfortunately, the electrocardiographic tracing does not permit accurate assessment of the onset of ventricular activation, but the His-V interval as measured on the HBE lead progressively decreases with shortening of the cycle length.
During right ventricular stimulation, the patient developed supraventricular tachycardia (Fig. 8) . A His potential is clearly seen preceding each QRS complex with a normal His-Q interval; there are no retrograde His potentials. Though we were unable to study the beginning and end of the tachycardia the appearances are consistent with a re-entry mechanism with antegrade conduction by the bundle of His and retrograde conduction via an anatomical tract bypassing the bundle of His.
Case 3 This 49-year-old man had been seen first i8 months previously with mild left mammary pain, and was found to have intermittent Wolff-Parkinson-White complexes, type B, alternating with normal beats (Fig. 9) . He has never experienced an arrhythmia and is well in every other respect. (Fig. ii) . On three occasions in hospital he complained of faintness and was found to have atrial flutter with 2:1 AV block (Fig. II) . Vectorcardiography was normal.
Electrophysiological study Fig. I2 illustrates the His bundle electrogram during sinus rhythm with a PR interval of I20 msec, a short P-His interval of 65 msec, and a normal His-Q interval. The short PR is therefore due to a reduction in the P-His interval. The AHis interval is reduced to 45 msec (lower limit of normal in our laboratory is 5S msec) and remains reduced during atrial pacing at a cycle length of 620 msec (Fig. 13) (Dreifus et al., 197I) . The Lown-Ganong-Levine syndrome has also been postulated to be due to an anomalous anatomical structure, the short PR interval representing an AV nodal bypass (Ferrer, 1967; Durrer et al., I97o) as described by James (1963 group.bmj.com on June 22, 2017 -Published by http://heart.bmj.com/ Downloaded from Spectrum of pre-excitation and its elucidation by His bundle electrograms 741 bundle electrograms, we also showed a short A-His interval, representing the time from low right atrial to His bundle activation and normally measuring delay in the AV node. The findings in our case are certainly compatible with a rapidly conducting AV nodal bypass which could possibly be within the AV node itself (Schamroth and Krikler, I967b). The A-His interval remained short during long cycle lengths but increased as the cycle length shortened. Thus, the normal AV nodal delay was probably not reached until the cycle length was sufficiently short to render the abnormal bypass refractory. Though we did not study it, it is interesting to postulate that the recurrent atrial flutter in this case is initiated by a reciprocating mechanism with antegrade conduction via the AV node and retrograde conduction via an anatomical bypass.
